Objectives: Systemic arterial hypertension (SAH) and diabetes mellitus (DM) are important risk factors for developing cognitive impairment. General life-style changes including physical training are known to reduce elevated blood pressure and sugar levels, as well as improve mental health. The objective of this study was to evaluate whether supervised physical exercise enhances the cognitive status of patients with chronic diseases. Methods: Volunteers with SAH, DM or SAH þ DM participated in either aerobic or resistance training during a period of 12 weeks. Several domains of cognitive functions were evaluated using the mental test and training system before and after the 3 months. Results: Participants with either of these chronic diseases demonstrated significantly improved attention and concentration, but not reaction time, following the supervised exercise. Conclusions: Structured physical training promotes several aspects of cognitive functions in diabetic and hypertensive patients.
Introduction
Evidence shows that elevated blood pressure levels are related to cognitive decline in both young and elderly subjects (Ninomiya et al. 2011; Guimarães et al. 2015) . Moreover, the hyper-glycemic state and resistance to insulin seen in diabetes mellitus (DM) can lead to cognitive impairments caused by macro-and microvascular diseases in the brain (Qiu et al. 2014; Fava et al. 2017) . Studies have also demonstrated that DM can cause alterations in the cerebral anatomical connectivity, which may potentiate motor and cognitive deficits in diabetics (Fang et al. 2017) . In addition, the expression of the brain's neurotrophic factor, which acts on the maintenance of neurons, and growth and differentiation of new synapses, has been shown to be decreased in diabetics (Han et al. 2016) . In a study performed during 9 years on 824 subjects aged 75 on average, who underwent detailed annual clinical evaluations, those with DM (15.4% of the sample) had a 65% increase in the risk of developing Alzheimer's disease (AD) compared with those without DM, and had a 44% greater rate of decline in perceptual speed (Arvanitakis et al. 2004 ).
The mental test and training system (MTTS) is a well-established evaluation tool based on action theory, and is widely used within sports psychology (Hackfort et al. 2009) , as shown by the works of Gierczuk and Ljach (2012) as well as Poliszczuk et al. (2013) . However, little is known about its applicability in clinical conditions associated with an increased risk of cognitive decline, such as DM and systemic arterial hypertension (SAH), despite the large amount of tests within MTTS that evaluate specific cognitive skills (Liu 2012; Rawlings et al. 2014) .
Some studies have reported DM as a risk factor for mild cognitive decline, AD, vascular dementia (VD) and other types of dementia (Cheng et al. 2012) , as well as associations between memory impairment and SAH. Nevertheless, the pathophysiological parameters and methodologies used in these studies are controversial (Duron and Hanon 2008) . In addition, subjects with elevated blood pressure had a 3-fold increased risk of developing VD than normotensive people, and the risk increases by 6-times when the subject presents with both SAH and DM (Posner et al. 2002) . All this may significantly compromise the quality of life and independence in elderly people with these conditions. Moreover, these diseases are also associated with high levels of depression and anxiety and they may cause impairment in treatment compliance and in maintaining good control of the underlying disease .
Regular physical exercise can influence cognitive function by increasing brain oxygenation due to a greater blood flow and perfusion, which directly influences cognition regardless of age (Dupuy et al. 2015) . However few studies investigate the use of physical activity as a strategy for reducing cognitive decline in diabetic and SAH patients, and they differ in intensity, duration and type of exercise used (Devore et al. 2009 ). These differences in methodologies may be the reason for the discordant results seen in the bibliography, where some studies found a small association between physical activity and cognition, as reported in observational studies in older women with DM (Swoap et al. 1994; Devore et al. 2009 ), whereas others reported improvements in cognitive performance after an exercise intervention. For instance, Baker et al. (2010) , found an executive function enhancement in glucose-intolerant elderly subjects after 6 months of aerobic training, and Liu-Ambrose et al. (2012) described a positive impact of resistance training in elderly subjects over the functional plasticity of response inhibition processes in the cortex; an increased regional cerebral perfusion has been reported in another study (Xu et al. 2014) .
International guidelines state the need for including regular physical activity on DM (American Association Diabetes 2014) and SAH (Pescatello et al. 2004 ) treatments, especially highlighting the physiological responses, but the physical activity may also have a positive impact on cognition. Therefore, is important to know how supervised exercise training may influence cognitive aspects of DM and hypertension. This could increase the quality of life of DM and SAH patients through better concentration, attention, memory and other cognitive abilities that help in their daily lives. The aim of this study was to determine whether a 12-week programme of supervised physical exercise induces changes in the cognitive status, assessed by the MTTS, of diabetic and hypertensive patients.
Materials and methods

Study design
This is a descriptive, longitudinal-type project developed as part of the project entitled 'Global assessment of cardiovascular risk and mental state of patients assisted by the Vic¸osa Hiperdia Center after physical exercise programme', a partnership of the Federal University of Vic¸osa with Hiperdia Minas Program in Brazil. The study was conducted entirely on the premises of Hiperdia Center of the city of Viçosa, Brazil, a secondary health centre treating patients with therapy-resistant hypertension. This is a condition in which blood pressure remains above optimal levels despite the combined use of anti-hypertensive medications from at least three different classes, one being a diuretic (Daugherty et al. 2012) ; and/or diabetics with glycosylated haemoglobin (HbA1c) greater than or equal to 9%.
The exercise intervention programme lasted 12 weeks and assessments were performed before (i.e. maximum graded exercise test, anthropometric measurements and MTTS) and after (i.e. MTTS) the intervention. The study was approved by the Ethics in Research Committee of the Federal University of Viçosa, Brazil (platform no. 33979214.3.0000.5153, protocol no. 832.149/2014) .
Participants
All volunteers were invited to participate to the supervised physical exercise programme of the Hiperdia Center in Viçosa, MG, which registers and monitors resistant hypertensive and/or diabetic patients assisted by the Unified Health System (SUS). Hiperdia meets the resolution no. 2.606 (7 December 2010), which establishes the referral criteria for the integrated reference centres Viva Vida and Hiperdia Minas. Patient recruitment was carried out through the analysis of medical records, where patients with therapy-resistant hypertension or hypertension plus type 2 DM (DM2) were selected. A phone call was made to these selected patients, where all the research procedures were clarified. If the subject agreed to participate, a first meeting in Hiperdia Center was scheduled for further information on the study procedures. Figure 1 shows the initial sample and the completers, as well as the reason for withdrawal, and the exercise groups assignment. The inclusion criteria considered were patients with DM2 and/or SAH of both genders, over 18 years old, who were not practicing routine physical exercises and/or systematized during at least 3 months. The adopted exclusion criteria were as follows: type 1 diabetics, patients with peripheral artery disease, illicit drug users, congestive heart failure, decompensated pulmonary disease, symptomatic cardiac arrhythmia, orthopaedic or rheumatological diseases that prevented the realisation of the proposed exercises, symptomatic peripheral artery disease to exercise, acute cardiac ischaemia signs during the maximal graded test and symptomatic cardiac arrhythmia caused by the graded exercise test. Also, individuals using anti-depressants or anti-anxiety medications were excluded. At baseline, all participants were asked not to change their eating habits (not being prescribed any meal plan with calorie restriction). In addition, physicians were asked not to change the drug plan for any patient during the 12 weeks of training. All patients were informed about the methodology and the study's objectives and they signed the Free and Informed Consent Term.
Baseline measurements
Aiming for a possible diagnosis of cardiovascular disease, and further evaluation of symptoms consistent with arrhythmias and ischaemia induced by exercise, which are considered exclusion criteria, all patients were assessed by a graded exercise test to maximal voluntary exertion using a ramp protocol, performed by a cardiologist in the centre itself, following the rules of the Brazilian Society of Cardiology guidelines (Ghorayeb et al. 2013 ) with the subsequent issue of medical opinion.
The anthropometric parameters were also measured at baseline. Body weight was assessed using a Mercy scale (LC 200 model, Brazil, 2010) ranging from 1 to 200 kg with 50 g of precision; and height was measured with a stadiometer (Welmy, model R110, Brazil, 2009) ranging from 0.8 to 2.00 m with 1 mm of precision. From these data, the body mass index (BMI) was calculated, with the weight in (kg) divided by the height squared (m), with the purpose of analysing the nutritional status of the sample (Evans et al. 2012) .
MTTS tests
The participants performed three tests on the MTTS with an established time of 45 min. All tests had an adaptation period, which included a moment before performing the test itself, allowing the volunteers to familiarise themselves with the test prior measurements. The MTTS is a device consisting of an evaluation system of cognitive processes, which is the relationship between subject, environment and task. It is based on the idea that specific situations can provide important information regarding cognitive processes. The evaluation system consists of a battery of 26 tests that assess specific cognitive skills such as attention, memory, perception, knowledge and decision making. The system includes a monitor and a central processing unit, as well as one action unit, one control unit, and a peripheral equipment such as foot pedals and a peripheral perception display (Hackfort et al. 2009 ). This system has already been used by previous studies for assessing cognitive processes (Krzepota et al. 2015; Ma nkowska et al. 2015) .
The tests performed on the equipment were: cognitrone (COG, version S4) that measures attention and concentration; the determination test (DT, version S1) which assesses the participants' reaction time; and the visual pursuit test (LVT, version S3) to evaluate selective attention. These three tests were performed within the same assessment session, in the cited order, at the Center of Research and Studies in Soccer located in the Department of Physical Education of the Federal University of Viçosa, Brazil. The tests were applied by a physical education professional with high experience in handling the equipment.
The cognitrone test (hereafter referred to as Attention and Concentration test) assesses attention and concentration by recognising one figure from among a set of figures presented, as quickly as possible. The test requires a reaction only if the figure given is within the set presented. The variables recorded in this test were number of correct reactions, number of incorrect reactions (i.e. the figure selected was not correct) and the number of omitted reactions (i.e. the participant did not select any figure within the given time) (Schuhfried 2011a) .
The DT assesses the volunteers' reaction time, testing their reactive stress tolerance and the reaction time associated. During the test, the participant has to react to visual and acoustic stimuli pressing specific buttons for each stimulus. The variables analysed were: number of correct reactions, that is the main variable of this test, and represents the total number of appropriate reactions to the stimuli; the number of incorrect reactions, which is the total number of inadequate reactions to the stimuli; and the median reaction time, which defines the interval between the presentation of the stimulus and the pressing of the appropriate button (Schuhfried 2011b) .
For the evaluation of selective attention, the visual pursuit test was used, whereby subjects have to identify as quickly as possible, the end of a given line that is part of a maze composed of more lines. The difficulty increases during the session. The variables recorded are the number of correct reactions, the time spent to complete the test (higher score is given to less time needed to finish), and the median time of correct reactions, that is the median of the time intervals spent in each correct reaction (Biehl 2011) . The initial screens of the tests used are shown in Figure 2 .
As MTTS does not have an assessment scale, results obtained at baseline and after the intervention were compared with each other.
Exercise programme
The volunteers who fulfilled the inclusion criteria were randomly allocated in one of the two exercise groups: aerobic or resistance training (Figure 1) , both of them lasting 12 weeks and with a training frequency of three times per week. All training sessions were supervised by graduates in physical education. A minimum of 90% of adherence to the programme was required to validate the results.
The exercise programme followed the recommendations for exercising in diabetic population of the American College of Sport Medicine (Colberg et al. 2010 ) and the American Diabetes Association (American Association Diabetes 2014), and the recommendations for hypertensive population of the American College of Sports Medicine (Pescatello et al. 2004) .
Seeking an appropriate physiological and motor adaptation, the volume of both exercise programmes (i.e. aerobic or resistance training) increased progressively during the first weeks, so that the main part of the session lasted 20 min within the first week, 30 min in the second week and 40 min in the following weeks.
All training sessions started with a warm-up on a cycle ergometer for 10 min at 50% of the maximum heart rate, estimated by the Tanaka et al. equation MHR ¼208 À (0.7 Â age) (Tanaka et al. 2001) , and ended with a 10-min cool down of active and passive stretching exercises of the major muscle groups (quadriceps, hamstrings, large dorsal, chest, back). Therefore, from the third week onward, the average time to complete each exercise session was around 50-60 min. Participants of the resistance group followed a sequence of ten exercises with 15 s of recovery between them: seated cable row, squats, dumbbells bench press, knee extension with ankle weights, dumbbell shoulder press, dumbbell biceps curl, standing knee flexion with ankle weights, standing calf raises, cable rope overhead triceps extension and abdominal crunch. The circuit method with an interval of 15 s between exercises was used in the first 2 weeks in order to adapt the neural, joint and muscle systems, and the volunteers performed two sets of 15 repetitions. After this period, the training consisted of three sets of 12 repetitions. The exercises were performed in a controlled fashion, with moderate speed and similar duration between the concentric and eccentric phases. Regarding the aerobic group, participants performed 20, 30 or 40 min of aerobic exercise (depending on the progression phase), in bouts of 10-20 min without a rest between them, using one of the following devices (self-selected by the participant): treadmill, bike, elliptical or upper-body cycle ergometer.
The intensity for both programmes was prescribed individually, respecting the limitations and potential of each patient. The intensity of the resistance exercise programme was controlled using the perceived effort by means of the 6-20 Borg scale (Borg 1982) . The participants had to exercise at an intensity of 11-12, representing a moderate effort (Kesaniemi et al. 2001) . Even with the load adjustments, the participants' effort perception has always remained in the range from 11 to 12. As a large part of the sample was illiterate, or with low educational level, at the time of Borg's scale application the researcher individually read each score of the scale and the intensity of the exercise that this score represented, and the patient had to indicate his perception of effort. The Borg scale had already been used in illiterate patients, as in the study by Martinez et al. (2000) . Moreover the prescription and training load control in strength exercises was made from the perceived exertion due to low levels of physical fitness and motor coordination and to treat patients with high cardiovascular risk. Load testing or maximum repetitions would entail a non-consistent effort with the health condition of the participant, which would increase the risk of adverse events. Therefore, for safety, the training loads were adjusted to the extent that the physical fitness and motor skills of the participants improved, always taking into account the perceived exertion as moderate.
For the aerobic programme, the intensity was set at 60% of the maximal heart frequency estimated by the Tanaka equation (Tanaka et al. 2001) , except for those taking b-blockers. If the volunteer was on these medications, exercise intensity was controlled by the Borg scale, using the values 11-12, which represent a moderate effort, besides having a strong association with the average percentage of cardiac frequency (David and Julen 2015) . Heart rate was controlled using the heart rate monitors integrated in the ergometers, for the sole purpose of controlling the exercise intensity.
In order to avoid any health event, measurements of blood pressure were performed in all participants before each exercise session, as well as 30 min after its beginning and 20 min after the end of each session. At the same time points, measurements of blood glucose were conducted in diabetic participants. The glucometer Roche Accu Chek PerformaV R (Mannheim, Germany, 2009) was used to measure the glucose, while a stethoscope and aneroid sphygmomanometer (Premium, Wenzhou Instrument Co., China, 2014) were used for the blood pressure measurements.
Statistical analysis
Standard statistical methods were used for the calculation of means and standard deviation (± SD). The Saphiro-Wilk test was used to analyse the normality of the variables. Afterwards, pre-post comparisons were made by means of a paired t-test for variables with normal distribution, and by means of the Wilcoxon test for those that were not normally distributed. Fisher's exact test was used for frequency comparisons. On the other hand, regarding the MTTS tests, the Pearson correlation was used to established associations between variables: between 'correct reactions' and 'incorrect reactions' within the Attention and Concentration test; between 'correct reactions' and 'median reaction time' within the Reaction Time test; and 'correct reactions' and 'median time of correct reactions' in the Selective Attention test. Significance was set at a ¼ 0.05. All analyses were performed using SPSS v.20.0 software (SPSS Inc., Chicago, IL). Table 1 shows the sample characteristics. Considering account values of BMI !25 kg/m 2 (overweight) and !30 kg/m 2 (obesity) (Evans et al. 2012 ), 69% of the women and 92% of the total sample showed excess weight body, whereas no significant differences were observed between groups for age and education level. Table 2 shows the results for the MTTS tests for hypertensive and for diabetics plus hypertensive participants at baseline and after the exercise intervention. There was no change on reaction time levels and selective attention after the programme. However, in the Attention and Concentration test, the group of diabetics plus hypertensive patients showed a significant increase on 'correct reactions', as well as on 'incorrect reactions', reflecting an augmented response to the stimuli presented after the intervention. For this group the 'omitted reactions' variable also improved, demonstrating a decrease in the cases of non-identification of two similar figures. In contrast, in the hypertensive group this variable significantly decreased, exhibiting a higher number of times the participants did not identify the correct figure. When comparing exercise groups, there were no differences between baseline and post-intervention values in any of the tests performed for either group (Figure 3) .
Results
Taking in account the complete sample, a negative correlation was observed between 'correct reactions' and 'omitted reactions' (r ¼ À0.999; P ¼ .001) in the cognitrone test. This correlation means that as the higher the number of 'correct reactions' appears, a lower number of 'omitted reactions' was registered. Another strong negative correlation was observed within the DT between 'correct reactions' and 'median reaction time' (r ¼ À0.904; P ¼ .001), which shows that, as the number of correct reactions was greater; the time interval between stimulus presentation and correct reaction was lower.
Finally, in the visual search test, a negative correlation was found between 'correct reactions' and 'median time of correct reactions' (r ¼ À0.689; P ¼ .009). That is, the greater the number of 'correct reactions' the lower the time needed for these correct reactions.
Discussion
As far as the authors know, this is the first study to assess the cognitive parameters in diabetic and hypertensive patients using the MTTS equipment. The main finding was the increase in the number of 'correct reactions' and 'incorrect reactions', as well as the decrease in the number of 'omitted reactions', of a test assessing attention and concentration, after a 12-week resistance or aerobic exercise intervention in patients with SAH plus DM2. Since there was an increase in the number of 'correct reactions', it was verified that the participants were found to be more attentive and reacting more easily to the test stimuli after 12 weeks of supervised exercise. In addition, there was a significant drop in the 'omitted reactions' variable, suggesting that the participants reacted to the actions imposed by the test, thus evidencing higher levels of attention and concentration, since omission is also considered as an error (Schuhfried Table 2 . Results for the mental test and training system (MTTS) at baseline and after the 12-week exercise intervention in the diabetic and hypertensive groups. 
(n ¼ 6) P Age (years) 55 ± 12 60 ± 9 49 ± 13 .2186 ¼ Gender (male/female) 4/9 1/6 3/3 -
.559# 8 or more 1 (8%) 0 1 (17%) -SAH: systemic arterial hypertension; SAH þ DM2; systemic arterial hypertension plus type 2 diabetes mellitus; BMI: body mass index. 6 ¼Student's t-test, data presented as mean ± SD. 6 ¼Fischer's exact test, data presented as number of participants and percentage. 6 R. B. TEIXEIRA ET AL. 2011a). In contrast, the number of 'incorrect reactions' also increased after the intervention period. This result can be explained by the greater readiness for action of the study participants, where even making mistakes in greater quantity, the participants were able to perceive environmental situations in the attempt of better decision making (Posner et al. 2002) . In this way, these results demonstrate improvements in attention and concentration, both of them key aspects for DM and SAH people. A possible explanation for improvement in the DM and SAH groups is that the participants in this group were less focussed and attentive before the intervention than the SAH group, so it was inferred that the patients with DM and SAH had a higher propensity for improvement. Another possible explanation would be that the association between diabetes and hypertension could lead to greater cognitive impairment for the patient than the existence of only one disease (Petrova et al. 2010 ). However further studies should be conducted to answer this question. Advances in attention and concentration levels is important for diabetic and hypertensive subjects because they usually need take several medications at different hours and have to be careful with their food intake. Moreover, attention and concentration can also improve their socialisation with relatives and friends, improving their quality of life. The lack of differences found between aerobic or resistance exercise implies that both types of training can be introduced as good strategies for the non-pharmacological treatment of DM and SAH.
The BMI of the sample was above the recommended values (Evans et al. 2012) , with 92% of the participants being overweight or obese. A growing body of research indicates that obesity in middle age is an important predictor of cognitive decline in old age (Odegaard and Chawla 2013) . Obesity is a white adipose tissue accumulation, promoting the process of systemic inflammation (Odegaard and Chawla 2013) . This may contribute to cognitive decline and dementia due to the release of several pro-inflammatory cytokines, such as IL-1b and IL-6, which are known to disrupt neural circuits involved in cognition and memory (Nguyen et al. 2014) . Prickett et al (2015) , as well as Bischof and Park (2015) , showed in their respective reviews that there is strong evidence for obesity leading to cognitive deficit, especially in the elderly. Nevertheless, the authors point out that there are many methodological problems with the reviewed studies. Therefore, more studies are needed for evidencing obesity as a risk factor for cognitive impairment.
The fact that most of the sample were illiterate and had no access to electronic devices could have influenced their performance during the MTTS tests, since the tests are carried out using modern and technic equipment. However, it is believed that the familiarisation phase before the test helped to minimise this influence, since differences were found in the profile of satisfactory results in the Attention and Concentration test. Most tests for cognitive analysis require reading and writing skills, such as the Alzheimer's Disease Assessment Scale -cognitive subscale (ADAS-COG) or the Consortium to establish a registry for Alzheimer's disease (CERAD), and this could be a limitation in the analysis of an illiterate population. Therefore, the development of measurement tools for the evaluation of cognition is essential regardless of the educational level, such as literacyindependent cognitive assessment, which is based on oral and visual responses. This reduces the number of false cognitive impairment diagnoses (Shim et al. 2015) . It is important to note that the tests chosen for the study were carefully selected so that the patient does not need necessarily need to be literate. Thus, the educational level of the sample probably was not a confounding factor during the evaluation.
Significant improvements were found in the variable score of 'omitted reactions' in the Attention and Concentration test after exercise intervention. This implies that, after the exercise programme, the participants did not press any key when they did not identify any figure as correct, because they were more focussed and had higher attention. Several studies show that physical exercise improves cognitive ability. Smith et al. (2010) reviewed 29 works, with a total of 2049 participants, and found that subjects who received aerobic training obtained slight improvement in attention levels and processing speed. Furthermore, it has been reported that cognitive attention and memory improvements are maintained 9 months after a cardiac rehabilitation programme, raising the possibility that supervised exercise reduces the risk of dementia in patients with cardiovascular disease or attenuate cognitive decline (Alosco et al. 2014) . A study conducted by Strassnig et al. (2015) with 12 psychiatric patients (schizophrenic and bipolar) who were overweight, showed a significant improvement in musculoskeletal and cognitive capacities, as well as in psychiatric symptoms. In agreement with these findings, Vidoni et al. (2015) , comparing different training volumes (i.e. 75, 150 or 225 min of walking) in older adults, observed improved cognitive function in all the exercise groups compared with the control group without training, and that the greater the volume training the better the physical benefits achieved. However, it is necessary to highlight that none of these studies used the MTTS as an evaluation tool. In addition, it seems that it is still unclear what kind of exercise, aerobic or resistance presents the greatest benefits for mental status.
The results indicate that the selected exercise programmes improve the reaction of diabetic and hypertensive participants, since they have reacted more often during the Attention and Concentration test because 'correct reactions' and 'incorrect reactions' have increased. The negative correlation found between 'correct reactions' and 'omitted reactions' in the hypertensive plus diabetic patients, show that the exercise programme causes the participants to perceive more stimulus and, consequently, to achieve better results. The negative correlations observed between 'correct reactions' and 'median reaction time' within the reaction time test, and between 'correct reactions' and 'median time of correct reactions', indicate a shorter interval of time needed to obtain correct responses after the exercise intervention. Despite the absence of differences between the reference and post-intervention measures in the selective attention and reaction time tests, a greater reaction of the participants was observed, that is, they spent less time providing the correct response after the 12 weeks of training. In addition, increases of 31% and 38% were recorded in the variables 'correct reactions' of these tests (reaction time and selective attention, respectively), showing what appears to be the beginning of a positive evolution and representing a considerable clinical improvement. Maybe the duration of the intervention (12 weeks) partially determined this lack of significant differences that have been reported in previous works. For instance, Liu-Ambrose et al. (2012) observed improvements in the levels of selective attention and conflict resolution, using the Stroop test, in 65-75-year-old women performing resistance training during 12 months. On the same lines, Baker et al. (2010) demonstrated that 6 months of aerobic training were enough to improve selective attention tasks in elderly men, whereas their control group without exercise training did not improve. Perhaps, the inclusion of activities, such as dance and simple games, would require more complex cognitive processes, and would provide more benefits to the participants .
It is assumed that this is the first study using MTTS tests to evaluate the benefits of supervised exercise on the cognitive function of patients with T2DM and SAH. MTTS equipment was used in this population because these subjects have a higher risk of cognitive decline. It is believed that equipment like this should be tested and used not only by athletes, who are a minority of the population, but also by 'ordinary' people, helping in their integral treatment. Besides, the non-existence of a normal pattern makes it difficult to compare the results of this study with others from healthy populations. This reinforces the importance of the results obtained in this study, since they can be used to create normative standards, facilitating the comparison between different studies and populations. However, further studies are needed to confirm the MTTS as an assessment tool for therapeutic interventions in patients with DM2 and SAH.
Study limitations
The main limitation of the study was the sample size. However, the special features of the sample, and the lack of work on this focus, make this research useful for future studies to investigate larger samples to confirm the importance of prescriptive exercise on the cognitive aspects for DM and SAH subjects. Another limitation may have been the duration of the exercise programme. It is possible that an intervention of 6 months or more would have produced greater improvements. Therefore, a longer exercise intervention is proposed for future work.
Conclusions
The results suggest a positive influence of supervised exercise on cognitive processes in patients with DM plus SAH. Significant improvements in attention and concentration levels were observed after 12 weeks of supervised resistance or aerobic exercise. In contrast, there were no significant differences in the reaction time test and selective attention test responses, although improvements were observed in some variables, indicating a clinical improvement. As MTTS is not used routinely to evaluate the cognitive state of patients with DM and SAH, prospective studies with follow-up involving a larger number of individuals are essential to clarify, with reliability, the use of MTTS for the assessment of cognitive state in patients with these diseases.
